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(54) Heat sinks 

(57) A heat sink includes a plate-form base portion 
(8) which has, at opposite sides thereof, respective first 
and second main faces, a first plurality of heat-conduc- 
tion members (12) projecting from a first part of the said 
first main face, a second plurality of heat-conduction 
members (12) projecting from a second part of the said 
first main face, which second part is spaced from the 
first part by a ventilation gap (10), and a fan device (1 4) 



which is mounted in the said ventilation gap and which 
is operable to blow cooling air over the said first and 
second parts through the heat-conduction members of 
the first and second pluralities. Respective heating ele- 
ments can be attached to the second main face of the 
base portion underneath the first and second parts. 
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Description 

The present invention relates generally to heat 
sinks, for example to a heat sink having forced air cool- 
ing means, or to a heat sink applied to at least two heat- s 
ing elements including first and second integrated 
circuit packages mounted on a printed wiring board. 

In recent years, a portable electronic device repre- 
sented by a laptop personal computer, for example, has 
widely spread on the market as an electronic device 10 
required to have a reduced size and a high reliability. To 
achieve a high performance of this kind of electronic 
device, one or more higher-wattage integrated circuit 
packages are necessary to use. To ensure heat radia- 
tion of the higher-wattage integrated circuit packages, a 15 
heat sink is used in mounting the integrated circuit pack- 
ages on a printed wiring board. 

Conventionally, a heat sink with a built-in fan has 
been put in practical use as a heat sink having forced air 
cooling means. In applying such a heat sink with a built- 20 
in fan to an electronic device having a plurality of heat- 
ing elements, the heat sink with the built-in fan is fixed to 
each heating element. Thus, a plurality of heat sinks 
with built-in fans are used, causing a reduction in relia- 
bility, an increase in noise, an increase in power con- 25 
sumption, and an increase in cost. Further, when each 
heating element is small in size, a radiation area of each 
heat sink is insufficient, causing a difficulty of adaptation 
to a higher-wattage heating element. 

It is therefore desirable to provide a heat sink which 30 
is suitably used with a plurality of heating elements. 

One embodiment of the present invention provides 
a heat sink applied to at least two heating elements 
including first and second integrated circuit packages 
mounted on a printed wiring board, comprising a base 35 
member having a lower surface and an upper surface, 
the lower surface being fixed to the first and second 
integrated circuit packages, the upper surface having a 
blowing region defined between the first and second 
integrated circuit packages and a plurality of upward 40 
projecting radiation fins formed at a portion except the 
blowing region; and air cooling means provided in the 
blowing region for circulating air through the radiation 
fins. 

In an embodiment of the present invention, the 45 
blowing region in which the air cooling means is located 
is defined at a substantially intermediate position 
between the first and second integrated circuit pack- 
ages for the purposes of forcibly cooling both the first 
and second integrated circuit packages by the use of so 
the single air cooling means and preventing an increase 
in temperature of bearings of a fan assembly as an 
example of the air cooling means to thereby improve the 
reliability. 

In an embodiment of the present invention, the sin- 55 
gle air cooling means is used to the plurality of heating 
elements, thereby allowing a reduction in noise and a 
reduction in power consumption. Further, in the case 
where the first and second integrated circuit packages 
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are spaced from each other, the radiation area of the 
heat sink can be increased to thereby improve the cool- 
ing performance. 

Reference will now be made, by way of example, to 
the accompanying drawings, in which: 

Fig. 1 is a perspective view of a heat sink showing 
a first preferred embodiment of the present inven- 
tion; 

Fig. 2 is a perspective view of the heat sink in the 
condition where a cover shown in Fig. 1 is removed; 
Fig. 3 is a cross section taken along the line A-A in 
Fig.1; 

Fig. 4 is a perspective view of a heat sink showing 
a second preferred embodiment of the present 
invention; 

Fig. 5 is a perspective view of a heat sink showing 
a third preferred embodiment of the present inven- 
tion; 

Fig. 6 is a perspective view of a heat sink showing 
a fourth preferred embodiment of the present inven- 
tion; 

Figs. 7A, 7B and 7C are sectional views of heat 
sinks showing a fifth preferred embodiment of the 
present invention; 

Fig. 8 is a perspective view of a heat sink showing 
a sixth preferred embodiment of the present inven- 
tion; 

Hg. 9 is a cross section taken along the line B-B in 
Fig. 8; 

Fig. 10 is a perspective view of a heat sink showing 
a seventh preferred embodiment of the present 
invention; 

Rg. 1 1 is a cross section of a heat sink showing an 
eighth preferred embodiment of the present inven- 
tion; 

Rg. 1 2 is a perspective view of a heat sink showing 
a ninth preferred embodiment of the present inven- 
tion; 

Fig. 13 is a perspective view of a heat sink showing 
a tenth preferred embodiment of the present inven- 
tion; and 

Fig. 14 is a perspective view of a heat sink showing 
an eleventh preferred embodiment of the present 
invention. 

Fig. 1 is a perspective view of a heat sink showing 
a first preferred embodiment of the present invention; 
Fig. 2 is a perspective view of the heat sink, showing a 
condition where a cover shown in Fig. 1 is removed; and 
Fig. 3 is a cross section taken along the line A-A in Fig. 
1. The heat sink is applied to at least two heating ele- 
ments including integrated circuit packages 4 and 6 
mounted on a printed wiring board 2. Although the heat- 
ing elements are the integrated circuit packages 4 and 6 
only in the following description, the heat sink of the 
present embodiment is applicable to any other heating 
elements if they are mounted on the printed wiring 
board 2. A base member 8 has a lower surface BS fixed 
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to the upper surfaces of the integrated circuit packages 
4 and 6 so as to make close contact therewith. The base 
member 8 is fixed by bonding to the integrated circuit 
packages 4 and 6 or it may be fixed by using belts or 
clippers formed of resin. 

As best shown in Fig 2, a blowing region 10 is 
defined on an upper surface US of the base member 8 
at its substantially intermediate portion between the 
integrated circuit packages 4 and 6. The base member 
8 has a multiplicity of pin-form radiation fins 12 project- 
ing from the upper surface US except the blowing region 
10. A fan assembly 14 is mounted on the fins 12, so as 
to make air circulation between the blowing region 10 
and the outside of the heat sink through the fins 12. In 
this preferred embodiment, the fan assembly 14 is fixed 
to the fins 1 2 by means of four screws 1 6. 

As shown in Fig. 3, the locational relationship 
between the fan assembly 1 4 and the base member 8 is 
such that a given clearance is defined between the bot- 
tom of the fan assembly 1 4 and the upper surface US of 
the base member 8. In this manner, the fan assembly 1 4 
is not in direct contact with the upper surface US of the 
base member 8. In other words, the fan assembly 14 is 
located in a floating condition over the upper surface US 
of the base member 8. Reference numerals 18 in Fig. 1 
denote through holes formed so as to extend from the 
upper surface to the lower surface of the base member 
8. Each of the integrated circuit packages 4 and 6 has 
an anchor bolt (not shown) projecting from the upper 
surface of each integrated circuit package at the central 
position thereof, and the anchor bolt is passed through 
each through hole 18, thereby ensuring the close con- 
tact of the base member 8 and the integrated circuit 
packages 4 and 6. If the integrated circuit packages 4 
and 6 have no anchor bolts, the through holes 18 of the 
base member 8 are not necessary. 

Fig. 3 is a cross section taken along the line A-A in 
Fig. 1, showing a detailed configuration of the fan 
assembly 14 as the air cooling means. The fan assem- 
bly 1 4 is composed of a cover 20 fixed to the fins 12 so 
as to cover the blowing region 1 0, a motor 24 fixed to the 
cover 20 and having a spindle 22 extending in the direc- 
tion of thickness of the base member 8, a plurality of 
blades 26 adapted to be rotated by the motor 24, and a 
printed wiring board 28 having a driving circuit for driv- 
ing the motor 24. The cover 20 has an annular projec- 
tion 30 projecting from a lower surface of the cover 20, 
and the motor 24 is fixed to the projection 30. The motor 
24 further has a stator 34 fixed by press fit to the annular 
projection 30 and having a coil 32 on an outer circumfer- 
ential surface of the stator 34, bearings 36 for rotatably 
supporting the spindle 22 to the stator 34, and a rotor 40 
fixed to the spindle 22 and having an inner circumferen- 
tial wall on which a magnet 38 is fixed and an outer cir- 
cumferential wall on which the blades 26 are fixed. 
Reference numeral 41 denotes a lead wire for connect- 
ing the driving circuit to an external device; reference 
numeral 42 denotes a ring yoke; reference numeral 44 
denotes a yoke; reference numeral 46 denotes a cut 



washer mounted on the spindle 22; and reference 
numeral 48 denotes a spring for upward biasing the 
spindle 22. Further, reference numerals 50 denote a 
plurality of air circulation openings formed through the 

5 cover 20, and reference numeral 52 denotes an annular 
projection for ensuring a static pressure difference. The 
air circulation openings 50 are formed along the locus of 
rotation of the blades 26. 

In this preferred embodiment, the outside air is 

10 taken through the openings 50 into the blowing region 
10, and the air thus taken into the blowing region 10 is 
blown against the fins 12, thereby effecting forced air 
cooling. The driving direction of the motor 24 or the incli- 
nation angle of each blade 26 may be changed so as to 

is reverse the direction of flow of the air. According to this 
preferred embodiment, the forced air cooling can be 
effected to at least two heating elements by means of 
the single fan assembly, thereby allowing an improve- 
ment in reliability, a reduction in noise, and a reduction 

20 in power consumption. Furthermore, since the inte- 
grated circuit packages 4 and 6 are spaced from each 
other, the radiation area of the base member 8 can be 
increased to thereby improve the cooling performance 
of the heat sink. In this preferred embodiment, the fan 

25 assembly 14 is not located just over the integrated cir- 
cuit package 4 or 6. Accordingly, the temperature of the 
motor 24 does not so rise, thereby ensuring a high reli- 
ability. 

Fig. 4 is a perspective view of a heat sink showing 

30 a second preferred embodiment of the present inven- 
tion. In this preferred embodiment, the heat sink shown 
in Fig. 1 is applied to relatively large integrated circuit 
packages 4' and 6*. The relatively large sizes of the inte- 
grated circuit packages 4* and 6' possibly cause a con- 

35 figuration such that the space between the integrated 
circuit packages 4* and 6' is smaller than the width of the 
fan assembly 14 as shown. Also in such a case, the fan 
assembly 14 is located at a substantially intermediate 
position between the integrated circuit packages 4* and 

40 6\ thereby obtaining good cooling characteristics. Pref- 
erably, a central portion of the fan assembly 14 is posi- 
tioned at or near the midpoint on the straight line 
connecting the center of heat generation from the inte- 
grated circuit package 4' and the center of heat genera- 

45 tion from the integrated circuit package 6\ The base 
member 8 in the first and second preferred embodi- 
ments may be formed of aluminum, for example, which 
is good in heat radiation property and workability. 

Fig. 5 is a perspective view of a heat sink showing 

so a third preferred embodiment of the present invention. 
This heat sink is characterized in that the base member 
8 has a two-layer structure comprising of a first member 
54 making close contact with the integrated circuit pack- 
ages 4 and 6 and a second member 56 integrally 

55 formed with the fins 12. Preferably, the materials of the 
first and second members 54 and 56 are selected so 
that the thermal conductivity of the first member 54 is 
larger than that of the second member 56. Accordingly, 
heat generated from the integrated circuit packages 4 
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and 6 can be easily transmitted to each fin 12, thereby 
accelerating the uniformity of heat transfer in the base 
member 8 to extremely improve the cooling perform- 
ance. For example, the first member 54 may be formed 
of copper or copper tungsten, and the second member 5 
56 may be formed of aluminum. In the case that the first 
member 54 is formed of copper tungsten, the coefficient 
of linear thermal expansion of copper tungsten is sub- 
stantially equal to that of ceramics which is a typical 
material of the integrated circuit packages 4 and 6, and w 
therefore the close contact of the base member 8 and 
the integrated circuit packages 4 and 6 can be main- 
tained for a long period of time. 

Fig. 6 is a perspective view of a heat sink showing 
a fourth preferred embodiment of the present invention, is 
This preferred embodiment is characterized by a bond- 
ing technique between the first member 54 formed of 
copper or copper tungsten and the second member 56 
formed of aluminum. A nickel plating layer (not shown) 
is formed on at least the lower surface of the second 20 
member 56. A solder layer 58 is interposed between the 
first member 54 and the second member 56, thereby 
brazing the first and second members 54 and 56 
together through the solder layer 58. The brazing of the 
first and second members 54 and 56 together allows a 25 
reduction in heat transfer loss through the bonding sur- 
face of the first and second members 54 and 56, 
thereby improving the cooling performance. If the braz- 
ing causes a warp of the first member 54 which is rela- 
tively thin, the lower surface of the first member 54 after 30 
brazing may be flattened by polishing, for example, 
thereby preventing a reduction in the cooling perform- 
ance. 

In order to increase the bonding area between the 
first member 54 and the second member 56, the bond- 35 
ing surfaces of the first and second members 54 and 56 
may be formed with irregularities meshing with each 
other. Examples of such irregularities are shown in Figs. 
7A, 7B, and 7C as a fifth preferred embodiment of the 
present invention. As shown in Figs. 7A, 7B, and 7C, the 40 
sectional shapes of the irregularities on the bonding 
surfaces are triangular, rectangular, and trapezoidal, 
respectively. The formation of such irregularities allows 
improvement in thermal conductivity between the first 
member 54 and the second member 56, thereby 45 
improving the cooling performance of the heat sink. 

Fig. 8 is a perspective view of a heat sink showing 
a sixth preferred embodiment of the present invention, 
and Fig. 9 is a cross section taken along the line B-B in 
Fig. 8. In contrast with the third preferred embodiment so 
shown in Fig. 5, the sixth preferred embodiment is char- 
acterized in that the first member 54 has two edge por- 
tions 54A projecting outside of the second member 56 
and a plurality of auxiliary fins 60 integral with the edge 
portions 54A. The fins 1 2 integral with the second mem- ss 
ber 56 are regularly arranged at the same pitch in both 
the longitudinal direction and the lateral direction of the 
second member 56. The auxiliary fins 60 are also regu- 
larly arranged at the same pitch as that of the fins 12. 



Although the auxiliary fins 60 are formed at both side 
portions of the base member 8 in its lateral direction 
only, additional auxiliary fins as shown by broken lines 
60' may be further formed at both end portions of the 
base member 8 in its longitudinal direction. According to 
this preferred embodiment, the cooling effect of the first 
member 54 can be improved to thereby improve the 
cooling performance of the heat sink. 

Fig. 10 is a perspective view of a heat sink showing 
a seventh preferred embodiment of the present inven- 
tion. This preferred embodiment is characterized in that 
a portion 54A of the first member 54 located between 
the integrated circuit packages 4 and 6 is larger in thick- 
ness than a portion 54B of the first member 54 making 
close contact with the integrated circuit packages 4 and 
6. According to this preferred embodiment, the thermal 
conductivity of the first member 54 can be improved to 
thereby improve the cooling performance of the heat 
sink. Further, an upper surface of the thicker portion 
54A of the first member 54 may be formed with a recess 
for partially storing the motor of the fan assembly 14, 
thereby allowing a thin structure of the heat sink. 

Fig. 1 1 is a cross section of a heat sink showing an 
eighth preferred embodiment of the present invention. 
The position of the cross section shown in Fig. 1 1 is the 
same as that of the cross section shown in Fig. 3. This 
preferred embodiment is characterized in that the base 
member 8 has a plurality of air circulation holes 62 
extending from the upper surface to the lower surface of 
the base member 8. The holes 62 are formed in the 
blowing region 10 between the integrated circuit pack- 
ages 4 and 6. In particular, the holes 62 are arranged 
along the locus of rotation of the blades 26 of the fan 
assembly 14 in this preferred embodiment. The pres- 
ence of the holes 62 allows pass of high-speed air flow, 
thereby improving the cooling performance of the heat 
sink. 

Fig. 12 is a perspective view of a heat sink showing 
a ninth preferred embodiment of the present invention. 
The fins 12 are regularly arranged in the longitudinal 
direction (shown by an arrow 64) and the lateral direc- 
tion (shown by an arrow 66) on the upper surface of the 
base member 8. In particular, the pitch of the fins 12 in 
the longitudinal direction is set larger than that of the 
fins 12 in the lateral direction. Such an arrangement of 
the fins 12 provides an advantage such that when the 
heat sink is used in the environment of generating an air 
flow, this air flow can be effectively utilized in cooling the 
heating elements. For example, in the case that the heat 
sink is applied to a device in which an air flow is gener- 
ated by a system fan or the like, the lateral direction 
(arrow 66) where the pitch of the fins 12 is smaller is 
made substantially accord with the direction of the air 
flow in the device. Accordingly, the air flow in the device 
usually weaker than the air flow generated by the fan 
assembly 14 is passed in the direction of the arrow 66, 
and the air flow generated by the fan assembly 14 is 
passed mainly in the direction of the arrow 64, thus 
effectively utilizing the air flow in the device. As a result. 
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the cooling performance of the heat sink can be 
improved. 

Fig. 13 is a perspective view of a heat sink showing 
a tenth preferred embodiment of the present invention. 
This preferred embodiment is characterized in that the 
fan assembly 14 has a cover 20' large enough to cover 
almost all of the fins 12. According to this preferred 
embodiment, the velocity of air flowing through the fins 
12 by the fan assembly 14 can be increased to thereby 
improve the cooling performance of the heat sink 

Fig. 1 4 is a perspective view of a heat sink showing 
an eleventh preferred embodiment of the present inven- 
tion. As similar to the first preferred embodiment shown 
in Fig. 1, the cover 20 of the fan assembly 14 covers a 
part 12* of all the fins 12 near the blowing region. The 
feature of this preferred embodiment is that the fins 12' 
covered with the cover 20 are shorter than the other fins 
12. According to this preferred embodiment, the length 
of each shorter fin 12' is set so that the fan assembly 1 4 
does not project from the upper ends of the other longer 
fins 12. Accordingly, the heat sink can be reduced in 
thickness. This effect can therefore be more enhanced 
by suitably combining this preferred embodiment with 
the seventh preferred embodiment shown in Fig. 10. 

Although the heating elements are the integrated 
circuit packages 4 and 6 only in the above preferred 
embodiments, an embodiment of the present invention 
may also have other heating elements mounted on the 
printed wiring board or at any other positions. In this 
case, the shape of the base member is set according to 
the positions and the shapes of the other heating ele- 
ments, and the base member is made in contact with 
the other heating elements. 

The present invention is not limited to the details of 
the above described preferred embodiments. The 
scope of the invention is defined by the appended 
claims and all changes and modifications as fall within 
the equivalence of the scope of the claims are therefore 
to be embraced by the invention. 

Claims 

1. A heat sink comprising a plate-form base portion 
(8), having at opposite sides thereof respective first 
and second main faces, a first plurality of heat-con- 
duction members (12) projecting from a first part of 
the said first main face, a second plurality of heat- 
conduction members (12) projecting from a second 
part of the said first main face, which second part is 
spaced from the said first part by a ventilation gap 
(10), and a fan device (14) mounted in the said ven- 
tilation gap and operable to blow cooling air over the 
said first and second parts, through the heat-con- 
duction members of the first and second pluralities. 

2. A heat sink, applied to at least two heating ele- 
ments including first and second integrated circuit 
packages (4, 6) mounted on a printed wiring board 
(2), comprising: 



a base member (8) having a lower surface and 
an upper surface, said lower surface being 
fixed to said first and second integrated circuit 
packages, said upper surface having a blowing 

5 region (10) defined between said first and sec- 

ond integrated circuit packages and a plurality 
of upward projecting radiation fins (12) formed 
at a portion except said blowing region; and 
air cooling means provided in said blowing 

10 region for circulating air through said radiation 

fins. 

3. A heat sink according to claim 2, wherein said air 
cooling means comprises: 

15 

a cover fixed to said radiation fins so as to 
cover said blowing region; 
a motor fixed to said cover and having a spindle 
extending in a direction of thickness of said 
20 base member; 

a blade adapted to be rotated by said motor; 
and 

a driving circuit for driving said motor. 

25 4. A heat sink according to claim 3, wherein said cover 
further covers almost all of said plurality of radiation 
fins. 

5. A heat sink according to claim 2, wherein said base 
30 member has a multilayer structure including a first 
member fixed to said first and second integrated cir- 
cuit packages and a second member integrally 
formed with said radiation fins. 

35 6. A heat sink according to claim 5, wherein said first 
member has a thermal conductivity larger than that 
of said second member. 

7. A heat sink according to claim 6, wherein said first 
40 member is formed of a material selected from cop- 
per and copper tungsten, and said second member 
is formed of aluminum. 

8. A heat sink according to claim 7, wherein said sec- 
45 ond member has a nickel plating layer formed on at 

least a lower surface thereof, and said first member 
and said second member are bonded together by 
soldering. 

so 9. A heat sink according to claim 5, wherein said first 
member and said second member have irregulari- 
ties meshing with each other to increase a bonding 
area. 

55 10. A heat sink according to claim 5, wherein said first 
member has an edge portion projecting outside of 
said second member and auxiliary fins integral with 
said edge portion. 
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1 1 . A heat sink according to claim 2, wherein said base 
member has an air circulation hole extending from 
said upper surface to said lower surface in said 
blowing region between said first and second inte- 
grated circuit packages. 5 

12. A heat sink according to claim 5, wherein a portion 
of said first member located between said first and 
second integrated circuit packages is thicker than 
another portion of said first member making close 10 
contact with said first and second integrated circuit 
packages. 

13. A heat sink according to claim 2, wherein said radi- 
ation fins are regularly arranged in a longitudinal 15 
direction and a lateral direction of said upper sur- 
face of said base member, and a pitch of said radi- 
ation fins arranged in said longitudinal direction is 
different from that of said radiation fins arranged in 
said lateral direction. 20 

14. A heat sink according to claim 13, wherein said 
heat sink is applied to a device in which an air flow 
is generated, and one of said longitudinal direction 
and said lateral direction where said pitch of said 25 
radiation fins is smaller is made substantially 
accord with a direction of said air flow generated in 
said device. 

1 5. A heat sink according to claim 3, wherein said cover 30 
further covers a part of said plurality of radiation fins 
near said blowing region, and said part of said radi- 
ation fins covered with said cover is shorter than 
another part of said radiation fins uncovered with 
said cover. 35 
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